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Immunological Detection of Prions

Field of the Invention

The present invention relates to monoclonal antibodies reacting with certain
epitopes of recombinant bovine prion protein, native and denatured normal or disease-
specific pridn proteins in soluble or insoluble state, stable hybridoma cell lines producing
these monoclonal antibodies, recombinant expression vectors for the expression of
recombinant bovine prion protein, purified recombinant bovine pron protein, a test kit for
the diagnosis of prion diseases, diagnostic methods for the immunological detection of prion
diseases, pharmaceutical preparations for the prevention and therapy of prion diseases, a
method for clearing biological material from infectious prion proteins, and methods for the

production of these materials.

Abbreviations used hereinbefore and hereinafter are the following:

BSA bovine serum albumin

BSE bovine spongiform encephalopathy

CSF cerebrospinal fluid

CID Creutzfeldt-Jakob disease,

ECL enhanced chemiluminescence

EDTA ethylenediaminetetraacetic acid v
ELIFA enzyme linked immuno filtration assay

ELISA enzyme linked immuno sorbent assay

Fab fragment of antibody digested with papain

(Fab')2 fragment of antibody digested with pepsin

FF1 Fatal Familial Insomnia

GPI-anchor glycolipid-anchor which | ties* PrP to the ouside of the cell membrane
GSS Gerstmann-Straussler-Scheinker disease

H(A)T-medium hypoxyanthine-(aminopterin)-thymidine medium
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HEPES
HPLC
1gG
IPTG
mAB
MOPS
NC

o/n
PBS
PCR

prion

PrP

PrP0/0 _mice
prPC

PrpSc

rbPrP
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hydroxyethyl-piperazineethane sulfonic acid

high performance itquid chromatography

immunoglobulin G

isopropyl-3-D-thiogalactoside

monoclonal antibody

morpholinepropanesulfonic acid

nitrocellulose membrane

overnight

phosphate-buffered saline

polymerase chain reaction

proteinaceous infectious particle; the infectious agent of prion diseases,
supposedly consisting at least of PrPSC and maybe another yet unknown
molecule

prion protein; refers to the common amino acid sequence rather than to a
distinct conformation of the two prion protein isoforms

mice lacking a functional PrP gene

a normal host prion protein of unknown function; apparent molecular
weight 33-35 kDa, same amino acid chain, and same glycosylation at two

asparagine residues as PrPSC, is after proteinase K treatment fully
digested.

the disease-specific, abnormal isoform of PrPC, with the same amino acid
chain, apparent molecular weight 33-35 kDa, glycosylated at two
asparagine residues, is after proteinase K treatment shortened to a 27-
30kDa C-terminal fragment. Species-specific PrPSC isoforms term:
human PrPSC (instead of PrPCID), bovine PrPSC(instead of PrPBSE) etc.
recombinant bovine prion protein (amino acids 25 to 242 of the bovine
PrP gene according to Goldmann et al. 1991; with an additional N-
terminal inethionine) expressed in E. coli comprising the bovine PrP open
reading frame except for the N-terminal signal sequence and the C-
terminal GPI-anchor sequence; both are cleaved of during celiular

processing. Since this protein is not glycosylated it has a molecular weight
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of 23 kD.

RT room temperature

SAF scrapie-associated fibrils; same as rods: plaque-like multimeric PrPSC
aggregates

SDS sodium dodecyl sulfate

TBST Tris-buffered saline, Tween 20

T™MB tetramethylbenzidine

Prion diseases are transmissible neurodegenerative diseases of the central nervous
system (for review see Prusiner, 1991). They can be transmitted, inherited or occur
sporadically and are observed in animals (e.g. bovine spongiform encephalopathy [BSE] in
cattle, scrapie in sheep) as well as in humans (Creutzfeldt-Jakob disease, Gerstmann-
Strdussler-Scheinker syndrome, Fatal Familial Insomnia, Kuru). Prion diseases have a
characteristically long incubation period and, with the onset of clinical symptoms, lead to
ataxia, dementia, psychiatric disturbances and sleeplessness before inevitable death occurs.
Neuropathological changes include vacuolar degeneration of brain tissue, astrogliosis and
amyloid plaque formation. In the infected subjects, neither a systemic immune response, nor
an obvious specific immune response like antibody production to PrP has been observed
(Kasper et al, 1982; Garfin et al., 1978) however, some unspecific activation of immune
cells in the brain was reported (Williams et al., 1995; Williams et al., 1994).

The infectious agent appears to exist in a variety of strains, which cause distinct
incubation times and histopathology (Bruce et al,, 1994; Hecker et al., 1992). Transmission

of prion diseases is possible between species and most easily within the same species
(Prusiner, 1991).

The infectious agent, the prion, is associated with a disease-specific protein, PrpSc,
that is an abnormal isoform of a host protein, prpC (Oesch et al,, 1985, Basler et al., 19806).

Both, PrPSC and PrPC, have an apparent molecular weight of 33-35kDa on SDS-

polyacrylamide gels. They have the samne amino acid sequence and are glycosylated at two

asparagine residues (Oesch et al., 1985). After proteinase K treatment, PrPS€ is shortened
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to a characteristic 27-30 kDa fragment while PrPC is fully digested (Bolton et al., 1982;
Oesch et al, 1985): this led to the conclusion that the disease-specific isoform PrPSC s
partially protease resistant while the normal host isoform PrPC is not.

Studies on the synthesis and localization of the two PrP isoforms in cultured
cells have shown that PrPC is attached to the cell surface by a glycosyl phosphatidylinositol
(GP1) anchor while PrPSC accumulates intracellularly within cytoplasmic vesicles (Stahl et
al., 1987). Another difference between PrPC and PrPSC is reflected in their three-
dimensional structure: PrPSC has less alpha helical secondary structures and increased beta
sheet content as compared to PrPC (Pan et al., 1993). So far, no chemical differences
between the two isoforms have been observed (Stahl et al., 1993). In summary, PrPSC and
PrPC have the same amino acid sequence but a different folding. The misfolded prion
protein is associated with infectivity and neurotoxicity.

‘The infectious agent is inactivated by treatments which denature proteins while

reagents destroying nucleic acids have no effect (Diener et al., 1982; Alper et al., 1978). In
addition, no single nucleic acid capable for coding a protein has been purified until date
(Riesner et al., 1993). This has lead to the hypothesis that PrPSC jtself might comprise the
infectious particle (Griffith, 1967; Prusiner, 1982). According to this hypothesis, replication
of infectivity is achieved by the replication of the pathogenic conformation. It is supposed
that infectious PrPSC molecules convert the normal host protein PrPC to the PrpSc
conformation (Cohen et al., 1994). Conversion of PrPC to PrPSC was claimed to have been
achieved in virro therby mimicking species and strain characteristics comparable to the
conversion dynamics irr vivo (Kocisko et al., 1994; Bessen et al., 1995). However, these in
vifro converted PrPSC molecules have, to date, not shown to be infectious.

The function of the normal host protein, PrPC, is unknown. Mice devoid of PrPC
are viable and show no obvious signs of neurological and physical impairment (Bueler et al.,
1992). In addition, these mice are not susceptible to infection with prions, underlining the
central importance of PrP in the replication of infectivity and/or pathology of these diseases
(Bueler et al., 1993; Prusiner et al., 1993). More subtle investigations of PrP knockout mice

revealed impaired synaptic function (Collinge et al., 1994) and altered sleep regulation
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(Tobler et al., 1996). However, a molecular function of PtPC could not be deduced from

these findings.

Prion diseases have gained public interest with the appearance of BSE in the early
eighties in Great Britain (Hope et al., 1988); for review see (Wells and Wilesmith, 1995).
The disease is supposed to have been transmitted by feeding prion-contaminated meat and
bone meal to cattle. 1t is thought that BSE prions originated from scrapie-diseased sheep by
crossing the species barrier from sheep to cattle. BSE has caused an epidemic of
considerable importance for both, public health and cattle-dependent economy. Remarkably,
no diagnostic method suitable for mass screening of infected tissues of cattle has been
developed to date. -

Initial diagnosis of prion diseases classically relies on the appearance of clinical
symptoms. A definitive diagnosis is made by the observation of neuropathological changes
in the medulla oblongata. In few cases, BSE has been shown to be transmissible to other

cattle, sheep, pigs and mice. Modern diagnosis additionally uses immunologicat detection of

PrPSC in brain sections. Since PrPS€ can be detected in the CNS after half of the incubation
time in experimentally infected laboratory animals (Jendroska et al,, 1991; Hecker et al

1992), it may serve as an early marker of infection. Hence, specific and sensitive detection

of PrPSC allows the identification of infected animals at a subclinica) stage and will help to
reduce possible human health risks. By autumin 1996, the BSE epidemic has kifled over
160’000 cows in Great Britain alone. In the absence of a diagnostic test, only cattle with
clinical symptoms were sorted out from being further processed, allowing a great number of
BSE- infected cattle 1o enter the human food chain (Anderson et al., 1996). This lead to the
suspicion that the appearance of a new variant of Creutzfeldt-Jakob disease in Great Britain
was caused by transmission of BSE to humans (Will et al., 1996; Collinge et al, 1996). A
sensitive detection method for bovine PrPSC will allow the identification and removal of
subclinical BSE-cases from the human food chain.

Oesch et al. (1994) have used a procedure that allows to quantitate the disease-
specific isoform of PrP in hamsters. The procedure is based on an ELIFA (enzyme-linked
immuno-filtration assay), and is adapted to the particularities of the prion protein, especially
the poor solubility of the disease-specific isoform that has made application of conventional

ELISA techniques difficult. This procedure (described in detail below) allows for testing of
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thousands of samples and is thus appropriate for routine screening of animals and humans
for prion diseases.

Tagliavini et al. (WO 93/23432) describe a method for detecting soluble prion polypeptides.
The drawback of this method is that the inventors claim to detect prion poypeptides that are

soluble in vivo, however, it is known since a long time that the disease-associated prion

protein PrPSC js insoluble in vivo. State of the art is that insoluble PrPSC has to be
solubilized in vitro to be detected by immunological methods. Tagliavini et al state (page 3,
row 31) ,...such truncated scrapie proteins have not been found to exist in vivo in
substantially soluble form". Furtherimore, the inventors give an exaniple wherein they show
soluble prion polypeptide fragments in the cerebrospinal fluid (CSF) of patients that do not
suffer of the human prion disease CIJD but of other unrelated diseases. However, the
inventors do not show in vivo soluble protease-resistant prion polypeptides which would
prove their hypothesis about the existence of disease-specific prion polypetides in CSF. In
addition, to show prion polypeptides in CSF they use an immunoblot (Western blot); this
technique is not appropriate to detect naturally occuring soluble prion polypeptides, since
the immunoblot technique requires solubilization of proteins in vitro prior to gel
electrophoresis. This procedure would then solubilize even insoluble prion polypeptides that
would be suspended in CSF.

Major shortcomings for the immunological detection of PrP have been the
unavailability of excellent antibodies able to detect the native disease-specific prion protein
(Kascsak et al., 1987, Barry and Prusiner, 1986; Takahashi et al., 1986; Barry et al., 1986).
In particular, native PrPSC was invisible to antibodies (Serban et al, 1990). Furthermore, no
monoclonal antibodies recognizing the bovine PrP were available. The reason for the
difficulties in raising monoclonal as well as polycl;mal antibodies is the highly conserved
amino acid sequence of PrP in mammals which apparently prevents an antibody response
against most epitopes.

Kascsak et al., (1987) describe the monoclonal antibody 265K3F4 produced by hybridoma
cell line ATCC HB 9222 directed against scrapie-associated fibril proteins. The drawback of
this method is that by immunizing wild-type mice with PrP, due to self-tolerance, an
antigenic reaction against many epitopes is suppressed. The inventors immunized wilde-type

mice with purified scrapie-associated fibrils (SAF); SAF are multimeric complexes

consisting of PrPSC that are purified by a ultracentrifugation. The inventors describe an

6
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antibody, termed 3F4, that binds only to hamster and human PrP. Furtheron, the antigen has
to be denatured either by formic acid or SDS to be detected. It is stated (Kascsak et al.,
1987) that the 3F4 antibody binds to undenatured SAF 10-fold weaker than to formic acid-

denatured SAF. However, the 3F4 antibody does not distinguish between PrPC and PrPSC.

Williamson et al. (1996) have tried to circumvent the lack of an immune response to
a highly conserved protein by immunizing transgenic mice lacking PrP (PrP%/O-mice) with

PrP, however, without success. These authors state that after immunizing PrP%/O-mice with
PrP ... killing these mice for hybridoma production has repeatedly vielded hybridoma cells
that failed to secrete anti-PrP antibodies beyond a period of 48h“. They presume that during
the 48 hours after the fusion anti-PrP antibody-secreting clones either are suppressed to
secrete further antibodies or die because of an interaction of the secreted antibodies with
cell-resident PrP. Williamson et al tried to circumvent this problem by isolating antibody-
coding RNA and constructing recombinant antibodies by the phage display technique. They

obtained several recombinant antibodies which bind to non-denatured mouse prion rods

(PrPSC) in the ELISA technique, however, much weaker than to denatured rods and only if

substantial amounts of rods were bound to the wells (0.2ug/well incubated with Spg/mi
antibody). However, these recombinant antibodies do not detect native PrPSC in non-

denatured histoblots. Thus, the necessity of purifying PrPSC before antibody detection
complicates the use of their immunolgical detection method.

Krasemann et al. (1996) have made monoclonal antibodies by means of

immunizing PrP%O-mice. After DNA-immunization by injecting the DNA coding for the
human prion protein directly into a regenerating muscle the mice were subsequently boosted
with Semliki Forest Virus particles containing recombinant human prion protein. The
authors present hybridoma cell lines producing monoclonal antibodies that bind to the native
and denatured normal human prion protein. The binding of these antibodies to the native or
denatured disease-specific prion protein, however, is not demonstrated. Furtheron, the
obtained antibodies bind to a peptide ELISA system, however an ELISA to normal or
disease-specific prion protein is not shown.

We are now the first to show that immunization of PrP knockout mice with
highly purified recombinant PrP followed by fusion of splenocytes from these mice with

myeloma cells resulted in hybridoma cell lines that secrete highly specific antibodies to both
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PrP isoforms (PrPC and PrPSC) in their native as well as denatured state. On the basis of

these antibodies, highly specific immunological testing for prion disease was developed.

Object of the Invention
It is an _object of the present invention to overcome the drawbacks and failures of
prior art and to provide monoclonal antibodies from stable hybridoma cell lines which can

be used in the diagnosis and therapy of prion diseases.

Summary of the invention

Surprisingly the drawbacks of the prior art can be overcome by immunization of

PrPO/0 knockout mice with highly purified recombinant PrP followed by fusion of

splenocytes from these mice with myeloma cclls. The resulting hybridoma cell lines are
surprisingly stable and secrete highly specific antibodies to both PrP isoforms (PrPC and

PrPSC) in their native as wetl as denatured state. The obtained antibodies are very useful for
the development of highly specific immunological tests for prion diseases and other
purposes. |

The present invention concerns a monoclonal antibody or a fragment thereof capable
of specifically binding to recombinant bovine prion protein, and native and denatured
normal PrPC or disease-specific prion protein PrPSC in an antigen-antibody complex.

The present invention concerns further an antibody or a fragment therof capable of
specifically binding to the binding region (idiotype) of said antibody.

The present invention concerns further a hybridoma cell line capable of producing a
monocional antibody capable of specifically binding to recombinant bovine prion protein,
and native and denatured normal PrPC or disease-specific prion protein PrPSC in an
antigen-antibody complex.

The present invention concerns furthes a recombinant expression vector for the
expression of recombinant bovine prion protein.

The present invention concerns further a highly purified recombinant bovine prion
protein, which may be in reduced or oxidized form.

The present invention concerns further a method for the production of an antibody
as mentioned above, comprising culturing a hybridoma cell line as mentioned above and

isolating the monoclonal antibody from the supernatant.

8
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The present invention concerns further a method for the production of a hybridoma

cell line as mentioned above, comprising administering to PrP%/0 mice (knockout mice
without a functional PrP gene) an immunizing amount of recombinant prion protein as
mentioned above, removing the spleen from the immunized mice, recovering splenocytes
therefrom, {using the fatter with P3X63Ag8U.1 hybridoma cells ATCC CRL 1597, growing
the cells in a selection medium, screening the cells with recombinant PrP and isolating the
positive cells.

The present invention concerns further a method for the production of an expression
vector as mentioned above, comprising amplifying DNA from bovine genomic DNA coding
for PrP by means of N- and C-terminal primers, and inserting the amplified DNA coding for
PrP in the correct reading frame into an expression vector.

The present invention concerns further a method for the production of recombinant
baovine prion protein comprising culturing microorganisms or cell lines with an expression
vector as mentioned above in an appropriate culture medium and isolating and purifying the
recombinant protein.

The present invention concerns further a test kit for the diagnosis of prion diseases.

The present invention concerns further an immunological detection procedure for
the diagnosis of disease-specific prion proteins.

The present invention concerns further a pharmaceutical preparation for the therapy
and prevention of prion diseases comprising a2 monoclonal antibody as mentioned above and
pharmaceutical carrier.

The present invention concerns further a method for the therapy or prevention of
prion diseases comprising administering to a patient suffering from such disease or being
likely to becoming a victim of this disease a thérapeutical or preventive amount of a
monoclonal antibody as mentioned above.

The present invention concerns further a method for clearing biological material

from prions comprising treating said material with a monoclonal antibody as mentioned

above.
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Briel Description of the Drawings

Figure 1. a. Western blot of bovine PrPC/PePSC without (Opg) and after treatment with 20,

40, 80 or 100pg/ml of proteinase K for 1h at 37°C. The blot shows that bovine PrPSC in

homogenates from thalamus (left) and spinal cord (nght) of BSE-diseased and normal cattle

is protease-resistant at several concentrations as compared to bovine prPC. Staining with
mAB 6H4 followed by peroxidase-labelled anti-mouse IgG antibody. Peroxidase activity
was detected by chemiluminescence.

b. Western blot of different tissue homogenates from normat cattle. PrP in white

blood cells is recognized by the mAB 34C9.

Figure 2. Western blots of brain homogenates from different species.

a: mAB 6H4 stains PrP of all depicted species, .

b: mAB 34C9 does not stain PrP from hamster and sheep; mouse PrP staining is weak. This
differential staining is consistent with the sequence homology of the mapped epitopes of PrP

from different species.

Figure 3. a. ELIFA standard curve. The standard curve shows a linear relation between the
concentration of recombinant bovine PrP and the OD,sy with a background below 0.5 ng/ml
rbPrP. Detection was with mABGH4.

b. Results ELIFA. Both, the brain homogenates from normal and BSE-diseased
cattle have high total amount of PrP as measured by the OD,s0. However, while in BSE-
brain there is a substantial amount of protease K-resistant PrPSC, no such PrP can be
detected in normal brain.

c. Results ELISA. Both, the brain homogenates from normal and BSE-diseased
cattle have high total amount of PrP as measured by the ODys. However, while in BSE-
brain there is a substantial amount of protease K-resistant PrPSC, no such PrP can be
detected in normal brain.

Empty column: without proteinase K treatment

black column: after proteinase K treatment

10
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Figure 4. Scheme capture ELISA and multimeric PrPS¢ See also text.

a:: monomeric PrPC has no additional binding sites since the only binding site is

occupied by the coating antibody.

b: multimeric disease-specific PrPSC has additional binding sites for the detecting,

peroxidase-labeled mAB 6H4 (POD) or 15B3 (POD).

Figure 5. Schematic map of plasmid pbPrP3. The insert PrP ORF corresponds to SEQ 1D
NO. 1 with the restriction sites Nde I and BamH 1.

Figure 6. a. Western blots of normal bovine brain homogenates and recombinant bovine
PrP. mABs 6H4 and 34C9 recognize both bovine PrP and rbPrP, whereas mAB 15B3
recognizes only rbPrP. Recombinant rbPrP runs lower and sharper than PrP from brain
homogenates because it is not glycosylated.

b. Conformation-sensitive ELIFA of brain homogenates from BSE-diseased and

normal cattle at different denaturation states. Staining with monoclonal antibody 15B3. In

the native state, mAB 15B3 stains only bovine PrPSC, and not PrpC.

Figure 7. Epitope mapping on the peptide library for bovine PrP:

a: mAB 34C9 recognizes peptides Nos. 59 to 63 of the peptide library comprising
the epitopes of amino acids 149 to 153 (Leu lle His Phe Gly; SEQ ID NO 5) of bovine PrP
according to Goldmann et al. (1991) corresponding to amino acids 126-130 in SEQ ID NO
2. '

b: mAB 6H4 recognizes peptides Nos. 64 to 66 of the peptide library comprising
the epitopes of amino acids 155 to 163 (Asp Tyr Glu Asp Arg Tyr Tyr Arg Glu; SEQ ID
NO 6) of bovine PrP according to Goldmann et al. (1991) corresponding to amino acids
132-140 in SEQ ID NO. 2.

c: mAB 15B3 recognizes 3 distinct arrays of peptides: Nos. 62 to 65 of the peptide
library comprising amino acids 153 to 159 (Gly Ser Asp Tyr Glu Asp Arg; SEQ ID NO 7),
Nos. 73 to 75 comprising amino acids 173 to 181 (Tyr Tyr Arg Pro Val Asp Gin Tyr Ser,
SEQ 1D NO 8) and No. 102 comprising amino acids 225 to 237 (Cys lle Thr GIn Tyr Gln
Arg Glu Ser Gla Ala Tyr Tyr; SEQ 1D NO 9) of bovine PrP according to Goldinann et al.
(1991).

11
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Figure 8. Immunoprecipitation of bovine, mouse and human PrP with monoclonal
antibodies 15B3 and 6H4. a. The supernatant of a centrifuged homogenate from the
medulla of two different BSE-diagnosed or two normal animals was incubated with
antibodies 6H4 or 15B3. Antibodies were precipitated with protein A (15B3) of protein G-
agarose (6H4). As a control, protein A only was incubated without antibodies. Precipitates
were analysed on a western blot for the presence of PrP using a polyclonal rabbit antiserum
to bovine PrP and goat-anti-rabbit Ig coupled to alkaline phosphatese. Signals were
developed with chemifuminscence substrates. Crossreaction of the secondary antibody with

immunoprecipitated mouse immunoglobulins leads to the prominent band at about 50K.
Note the 50 K band characteristic for PrP SC in the 15B3 but not in the 6H4

immunoprecipitations. b, Proteinase K digestion of PrP BSE immunoprecipitated with mA
15B3. Undigested and digested bovine brain homogenates were compared to proteinase K
digested immunoprecipitates with protein A-agarose only or with 15B3. The sharp band at
31K represents a crossreactivity of the secondary antibody with proteinase K. The same

immunoprecipitates and method of analysis were used as in a. c¢. Immunoprecipitation of

mouse PrP S€ with mAb 15B3. Homogenates from PrP-null mice (0/0) or wild-type mice
(normal (*/*) or scraple infected (+/+Sc)) were immunoprecipitated with mAB 15B3 or
protein A-agarose only and analysed by western blotting as described. Digestion with
proteinase K after (a) or before (b) the immunoprecipitation is indicated. Detection of PrP
was done as described. d. Immunoprecipitation of human PrP CJD with mAB 15B3. Brain
homogenates (cerebellum) from normal persons or CJD patients type 1 (ref 10) were

immunoprecipitated and analysed as described for a. Two representative examples from a

total of 4 normal persons and 4 CJD cases are shown.

SEQ ID NO 1 shows the 660 base pair sequence encoding the bovine rPrP obtained from
genomic bovine DNA by PCR amplification.

SEQ 1D NO 2 shows the amino acid sequence of recombinant bovine rPrP which comprises
amino acids 25 to 242 of the bovine PrP open reading frame (Goldmann et al., 1991).

SEQ ID NO 3 shows the N-terminal sense primer, and
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SEQ ID NO 4 shows the C-terminal antisense primer. These primers comprise a Nde 1
restriction site at the 5'-end and a BamH 1 restriction site at the 3'-end in the PCR-amplified
bovine PrP-DNA.

SEQ ID NO 5 shows the amino acid sequence common to peptides 59 to 63 of the peptide
lybrary recogniz‘ed by mAB 34C9.

SEQ 1D NO 6 shows the amino acid sequence common to peptides 64 to 66 of the peptide
lybrary recognized by mAB 6H4.

SEQ ID NO 7 shows the amino acid sequence common to peptides 62 to 65 of the peptide
lybrary being the first of 3 partial sequences recognized by mAB 15 B3,

SEQ ID NO 8 shows the amino acid sequence common to peptides 73 to 75 of the peptide
lybrary being the second of 3 partial sequences recognized by mAB 15 B3.

SEQ ID NO 9 shows the amino acid sequence common to peptide 102 of the peptide
lybrary being the third of 3 partial sequences recognized by mAB 15 B3.

Detailed Description of the Invention
In the following detailed description the spirit and scope of the invention will

become more clearly explained and understood.

The monoclonal antibodies

A monoclonal antibody according to the invention is intented to bind to, to detect
and qualitatively and quantitatively measure the presence of epitopes of prion proteins
whether they are in soluble or insoluble form in various tissue specimens such as
homogenates or sections of brain, spleen, tonsils, white blood cells or others and body fluids
such as blood, cerebrospinal fluid saliva, urine or others. The present mABs bind to
epitopes of amino acids in a row or to epitopes of amino acids on different loops of the
three-dimensional struture of native PrPs which are spatially close to each other. A
particular group of the present antibodies binds only to native disease-specific PrP and not

1o native normal PrP.

Any known mABs which would fall under these definitions are exempted and
disclaimed.

The term monoclonal antibody comprises also chimeric monocional antibodies
having similar properties, which are derived from different animals, such as human/imouse

chimeric antibodies or any other chimeric molecule comprising the antigen-binding part of
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the monocional antibody (idiotype) with other molecules such as antibody fragments of
other monoclonal antibodies or enzymes.

A fragment of a monoclonal antibody comprising the binding part of the monoclonal
antibody (idiotype) likewise capable of specifically binding the antigen and is termed Fab or
(Fab'); depending on whether the monoclonal antibody is digested with papain or pepsin,
respectively. !

A synthetic antibody or fragments thereof designed according to the amino acids or
substituted homologous amino acids composing the idiotype responsible for binding the
antigen. Homologous amino acids are defined as exchanges within the following five
groups: 1. Small aliphatic, nonpolar or slightly polar residues: alanine, serine, threonine,
glycine, proline; 2. Polar, negatively charged residues and their amides: aspartic acid,
asparagine, glutamic acid, glutamine; 3. Polar, positively charged residues: histidine,
arginine, lysine; 4. Large aliphatic, nonpolar residues: methionine, leucine, isoleucine, valine,
cysteine; 5. Large aromatic residues: phenylalanine, tyrosine, tryptophan.

Preferred monoclonal antibodies are those named 6H4, 34C9, 15B3 which are
produced by hybridoma cell lines DSM ACC2295, DSM ACC2296 and DSM ACC2298,
respectively.

The antibodies and fragments thereof are essential tools for immunological detection
procedures based on the binding of the prion protein to the presented monoclonal antibodies
in an antigen-antibody complex. The monoclonal antibodies of the invention react with
recombinant bovine PrP as well as native or denatured PrPC and PrPSC whether they are in
soluble or insoluble state. The monoclonatl antibodies react furtheron with PrP from
different species, for example humans, hamsters, pigs, sheep, cattle and mice.

Furthermore, the present antibodies by forming an antigen-antibody complex
between the presented monoclonal antibodies and the prion protein can be used to inhibit

neurotoxic and infectious properties of the disease-specific prion protein.

Anti-idiotype antibodies

The invention concerns further anti-idiotype antibodies which are antibodies that
bind with their binding region (idiotype) to the binding region of the original monoclonal
antibody. The anti-idiotype antibody mimicks features of the original antigen, in this case

features of PrP. Anti-idiotype antibodies are raised as polyclonal antibodies (serum) or
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monoclonal antibodies from animals immunized with the preferred antibodies according to
the invention. Anti-idiotype antibodies are valuable tools in detecting and blocking
interactions of the original antigen (PrP), particularly interactions with receptors and can

therefore be used in prevention and therapy of prion diseases.

The hybridoma cell lines

A stable hybridoma cell line according to the invention is capable of producing a
monoclonal antibody as defined above over a prolonged time period of at least 6 months.
Such cell lines are derived from the fusion of a spleen cell expressing the antibody derived
from mice lacking a functional PrP gene, and a myeloma cell of mice providing survival of
the fused cell line.

Prefered hybridoma cell lines are DSM ACC2295, DSM ACC2296 and DSM
ACC2298. The first two cell lines were deposited unter the Budapest Treaty on February
06, 1997 at the Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH,
Mascheroder Weg 1b, D-38124 Braunschweig, a recognized public depository for strains of
microorganisms. The hybridome cell line producing mAB 15B3 was deposited February 13,

1997 unter number DSM ACC2298 at the same depository.

The expression vector for recombinant bovine prion protein

An expression vector for the expression of the recombinant bovine prion protein is a
DNA vector, based on the pET 11a vector by Novagen comprising essential sequences for
expression in the respective host, e.g.a T7-promotor and the DNA coding for the bovine
prion protein from codons 25 to 242 with an additional codon ATG at the 5’-end the PrP-

coding DNA and sequence for selecting, eg. tlie ampicillin gene, multiplication and

termination..

Preferred expression vector is pbPrP3 as shown in Figure 5.

The recombinant bovine prion protein

The present recombinant bovine prion protein consists of the amino acid sequence
1D No:2. It may be unglycosylated or glycosylated.

The present recombinant bovine prion protein PrP is purified to a homogeneity of
>98%. It can be present in oxidized or reduced form. In the oxidized form the single -S-S-

bridge is present whereas in the reduced form two SH groups are present instead. The
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amino acid sequence of the present recombinant bovine PrP is shown by ID No:2. The
protein is glycosylated if expressed in a glycosylating eukaryotic cell line, such as Chinese
Hamster cells or unglycosylated if expressed in a procaryotic cell tine, such as Escherichia
coli. Mixtures of oxidized and reduced form are also comprised. The oxidized form has the
molecular weight of 23676.8 Da and the reduced form 236886.1 Da as determined by
electrospray mass spectroscopy. The present full length recombinant bovine prion protein is
unique in terms of its homogenity, since other groups in the art have reported of being
unable to purify homogenous full length recombinant prion protein of other species
(Mehlhorn et al., 1996; Riek et al., 1996).

The reduced forin of the recombinant PP is particularly interesting since it has been

reported to contain more B-sheet secondary structures than the oxidized form (Mehlhorn et

al, 1996), hence mimicking structural features of PrPSC: However, the reduced
recombinant isoforms have been reported to be neither protease-resistant nor infectious
(Mehlhorn et al., 1996).

A native prion protein PrP is the prion protein in a fully folded state, i.e. the three-
dimensional structure is present. Only in the native, i.e. folded state PrP isoforms are
different (normal native vs. disease-specific native PrP)

A denatured prion protein is the prion protein in the unfolded state. Unfolding is
usually achieved by the addition of chaotropic substances such as urea or guanidinium
hydrochloride. In the denatured state, both PrP isoforms are irreversibly the same, even if
they have been normal native or disease-specific nativ before.

An antigen-antibody complex is a physical attachment of an antibody or fragment
thereof with the corresponding antigen by intermolecular forces because the surfaces match
in a unique way. The matching surface on the antibody is called idiotype and the surface on
the antigen is called epitope.

Suitable epitopes detectable by the present antibodies are for example linear amino
acid sequences having from about 3 to about 15 amino acids in a row or are completely
three-dimensional ("patch”) in that distant amino acid residues of the linear peptide

backbone of the protein are, due to the unique folding, very close together in space to form

an epitope.
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The method for the production of an antibody

The present method for the production of an antibody according to the invention
comprises culturing a hybridoma cell line as mentioned above and isolating the monoclonal
antibody from the supernatant of the growth media. 7

Culturing is carried out in flasks in HT- medium or in a cell culturing system called
Ltechnomouse” in serum-free, synthetic medium (Turbodoma.medium, supplied by Messi,
Zurich). In a , technomouse” hybridoma cells are cultured in a sterile chamber susrounded
by a protein-impermeable membrane that is perfused by the respective medium in a constant
flow rate (for example, turbomedium at 80 inl/h); antibodies are collected from the chamber
with the help of a syringe at regular intervals.

Isolation of monoclonal antibodies is carried out by extraction from the supernatant
by conventional biochemical methods, e.g. by use of affinity columns with the
corresponding immobilized antigen or by any other method used in the art, such as gel
filtration or ion exchange chromatography. In the ,technomouse’ supplied with serum-free
turbomedium antibody concentrations and purities are achieved that need no further
extracting procedures.

Chimeric antibodies and fragments thereof can be produced by genetic engineering
methods, e. g. by sequencing the antibody or the desired fragment thereof and constructing
DNAs coding for the chimeric antibody or the fragment thereof which DNAs are inserted
into an appropriate expression vector and expressed to produce the antibody or the
fragment thereof in both procaryotic or eukaryotic cell lines,

A fragment binding to a PrP epitope can be combined with a human heavy chain to
produce chimeric antibodies for use in humans as therapeutic or preventive agents against a
prion disease. A fragment binding to a PrP epitope can also be combined with other
enzymes, proteins or molecules to give rise to chimeric molecules combining the biological

functions of these, for example for targeting an enzymatic activity to a place defined by the

proximity of the PrP epitope.

The method for the production of a hybridoma cell line

The present method for the production of a hybridoma cell line comprises

administering to PrP0/0 mice (knockout mice without a functional PrP gene) an immunizing

amount of a recombinant pure prion protein PrP, removing the spleen from the immunized
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mice, recovering splenocytes therefrom, fusing the latter with appropriate myeloma cells,
growing the cells in a selection medium which does not support survival of the unfused
cells, e. g. in HAT medium, screening the supernatants of the surviving hybridoma cells with
recombinant PrP for the presence of antibodies to detect recombinant bovine PrP by an
ELISA procedure and to detect native bovine PrPSC by a conformation-sensitive ELIFA
procedure and isolating the positive cells. Positive hybridomas were selected and cloned
twice by the limiting dilution method before the antibody was characterized and the epitape
was mapped on a peptide library.

The peptide library used is commercially available from Jerini Biotools (Berlin
Germany). 1t consists of 104 spots with peptides of 13 amino acids, whereby the sequence
of each peptide overlaps with 11 amino acids of the foregoing peptide.

An immunizing amount of a recombinant bovine prion protein is from about 50 to
100 g 1t is administered dissolved in an appropriate solvent, e. g, PBS and Freund’s
adjuvant several times, e. g. three times, subcutaneously followed by an intraperitoneal and
an intravenous injection ultimately prior to spleen removal.

The PrP%/0 mice were a gift from Prof. Weissmann of the University of Zurich.
They were obtained according to Bieler et al. (1992).

Appropriate myeloma cell are for example P3X63Ag8U.1 deposited and available
under ATCC CRL 1597. '

Recovering spleen cells and fusion conditions follow standard procedures, for
esample as described by Kennett (1980).

The method for the production of an expression vector

The method for the production of an expression vector comprises inserting a DNA

coding for PrP in the correct reading frame into an expression vector. One of the structures

of the DNA coding for PcP is shown by SEQ ID NO:1. This DNA can be obtained by '

amplifying DNA from bovine genomic DNA coding for PrP by means of the N- and C-
terminal primers shown by SEQ ID NO: 3 and SEQ ID NO: 4., respectively. Bovine
genomic DNA is isolated from bovine kidney cells and supplied by Clonentech, U.S. A

Degenerate allelic forms of this DNA coding for the same PrP may be used. Furthermore,
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targeted mutations can be introduced into the PrP DNA to give rise to distinct

conformational isoforms of the translated gene product.

The production of a purified recombinant bovine PrP

The production of a purified recombinant bovine PrP comprises culturing a cell line
with an expression vector capable of expressing the bovine PrP in an appropriate culture
medium, such as in the case of E. coli in Luria broth medium, isolating the PrP protein from
the inclusion bodies by lysing the cells e. g. with lysozym and Triton-X~100 in the case of E.
coli, solubilizing the inclusion bodies with urea and and purifying the protein. by
convenional methods, e. g by chromatography, for example on a anionic exchange
sepharose column and C4 reverse phase HPLC column.

The oxidized form is obtained by treament with an oxidzing agent, e. g. with
Cu,80,, and the reduced form by treatment with a reducing agent, e. g. B-mercaptoethanol,
according ot conventional methods. They can be separated by reverse-phase high pressure

liquid chromatography.

Immunological detection procedure for the detection of prion disease

An immunological detection procedure for the detection of prion disease, especially
BSE, whereby disease-specific PrPSC protein in biological material of an animal or human is
detected, comprises treatment of a first probe of said material with a monoclonal antibody
according to the invention and detecting the mixed PrPC/PrPSC- antibody complex, treating
a second probe of said material first with proteiﬁase K and then with the monoclonal
antibody according to the invention, detecting the PrPSC-antibody complex and analyzing
the results of both probes.

A specific monoclonal antibody according to the invention is able to detect PrPSC jn

a PrPSC.antibody complex without prior protease-digestion of the tissue specimen to be

examined. :
The biological material can be insoluble or soluble in buffer or body fluids. It can be

derived from any part of the body, e. g. from the brain or the tissue sections, in which case

it is used in form of a homogenate, or any body fluid, e. g. cerebrospinal fluid, urine, saliva
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or blood. In the case of body fluids, fluid-resident cells, €.g. white blood cells in the case of
blood expressing PrP can be purified and analyzed either in immunohistochemistry or as a

homogenate.

The detection of the PrPSC-antibody complex is carried out in particular by
immunological procedures like the Western blotting, ELIFA, and various ELISA techniques
such as capture ELISA.

The present immunological detection procedures allow the diagnosis of prion
diseases. With the tools of the present invention, tissue sections, tissue homogenates or
body fluids of prion-infected aniinals such as BSE-diseased cattle or humans having the CJD
can be screened for the presence of the protease-resistant, disease-specific isoform of the
prion protein in its native form, be it soluble or insoluble.

Tissue homogenates and body fluids are for example such as fromn biopsy of brain,
lymph nodes, spleens, tonsils, peripheral nerves, cerebrospinal fluids, urine, platelets or
white blood cells. Particular immunological procedures comprise for example, enzyme-
linked immunofiltration assay (ELIFA), enzyme-linked immunoabsorbent assay (ELISA),

Western blot assay, dot blot assay, immunodecoration and immunohistochemistry.

When native bovine PrPSC or any other disease-specific prion protein (e.g. ovine
PrPSC or human PrPSC).has to be used in immunological assays, this can presently only
successfully be achieved with the antibodies described in the present invention, since the
present antibodies are the first of their art to be able to bind only native, disease-specific

PrPSc,

The test kit for the diagnosis of prion diseases

The test kit for the diagnosis of prion diseases comprises devices and materials
enabling the diagnosis prion disease in biological materials, and is particularly suited for
screening large amounts of samples for the presence of PrPSC. One test kit comprises in
particular one or more monoclonal antibodies according to the invention, purified bovine
recombinant PcP protein as mentioned above, nitrocellulose sheets, microtiter plates, or
microtiter plates coated with the monoclonal antibodies according to the invention, a

secondary anti-mouse antibody that is coupled with an enzyme and its substrate or any other
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molecular compound for a detection reaction (e.g. a peroxidase-labeled anti-mouse 1gG
antibody, TMB or any other peroxidase substrate), hydrogen peroxide, proteinase K, a
blocking buffer, a homogenization buffer, a calibration curve and a description of how to

perform the test.

Another test kit is designed in the dipstick format and is without need of radioactive

tracers, enzymes or substrates and basically reduces the number of handling steps to one.

The one-step procedure involves the capture of the disease-specific PrPSC with one of the

antibodies according to claim 1 or 2 which are immobilized on a test strip. Captured

disease-specific PrPSC are detected directly by a second antibody according to the
invention, which is coupled to particular colloid particles. This specific detector complex
results in the formation of coloured spots on the test strip which are visible in less than 30
minutes depending on the concentration of the test sample. The spots are a permanent
record of the test result and, upon longer exposure even increase the sensitivity of the test

without generating higher background.

Pharmaceutical preparation for the therapy and prevention of prion diseases

The pharmaceutical preparation for the therapy and prevention of prion diseases in a
mammal, including humans, comprises an effective amount of one or more antibodies
fragments therof or chimeric antibodies as described, produced according to the invention,
eventually purified according to conventional methods, and a conventional pharmaceutical
carrier. An antibody obtained may be solubilized together with the carrier in an appropriate
buffer, e. g. an aqueous physiological sodium chloride solution. This may be clarified by
centrifugation and used in concentrated liquid for for injection, or completely dried if
desired by any of the conventional methods, such as lyophilization, spray or freeze drying, in
form of a dry powder, which can be pressed into tablets, filled into capsules, or applied as a
dry powder in form of a nasal spray, whereby conventional production methods are applied,

and conventional pharmaceutical carriers are optionally added.
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Method of protecting a mammal against prion disease

The monoclonal antibodies of the present invention bind to between species highly
conserved regions in the PrP molecule that may have funtional significance (Oesch et al.,
1991). It is envisioned that blocking this binding site by the monoclonal antibodies,
fragments thereof or chimeric antibodies as defined above will abolish biological effects of
prions. Blocking of the infectivity of prions by occupying distinct sites on the disease-
specific form of PrP is foreseen to represent a therapeutic strategy in treating prion diseases
or a preventive strategy in preincubating suspected prion-infected tissue specimens with the
present monoclonal antibodies. The normal form of PrP appears not to be of vital
importance in the living animal because mice with a deleted PrP are viable (Bueler et al.,
1992). Anti-PrP antibodies may therefore be used without side effects to neutralize prions in
huinans or animals.

The present invention concerns further a method for the therapy or prevention of
prion disease or a disease mediated by the neurotoxic effects of prion proteins or fragments
of prion proteins, comprising administering to a patient suffering from such disease or being
likely to becoming a victim of this disease a therapeutical or preventive amount of a
monoclonal antibody, a fragment thereof or a chimeric antibody as described above.

The method of protecting a mammal, including a humnan, against an infectious prion
disease according to the present invention comprises administering one or a combinantion
of the present antibodies, fragments thereof or chimeric antibodies or a pharmaceutical
preparation comprising the antibodies produced by the present invention. The
pharmaceutical preparation is preferably administered by injection, e. g. intrathecally (into
the cerebrospinal fluid), into the blood with respective pharmaceutical agents or methods
increasing the permeability of the blood-brain barrier or as a chimeric antibody, fused to, or
containing additional signal sequences that allow passage through the blood-brain barrier
(for review see Friden, 1994). An intranasal application of the monoclonal antibodies,
fragiments or chimeras thereof is also possible.

The pharmaceutical preparations have to be administered according to the judgment
of the physician in amounts depending on the concentration of the antibodies comprised
thereby and the route of administration so that a protective or curative effect is oblained.
The amounts and method of administration are to be selected further depending upon the

age and weight of the patient, the nature and severity of the infection as well as the general
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condition of the patient. 1n general it is sufficient to administer the antibodies in amounts of

about 1 to 100 mg per patient in a single or in repeated doses.

Method for clearing biological material from prions

The method for clearing biological material from prions, e. g. intended for
transplantation, substitution of biological material or oral consumption, comprises treating
said material with one or several monoclonal antibodies according to the invention such that
prions or prion proteins or fragments thereof beccome functionally inactivated in terms of
their infectivity and/or neurotoxicity. The pharmaceutical preparations described above may
be used for this purpose, whereby the pharmaceutical carrier may be replaced by a suitable
other solvent in case the biological material is not intended 1o be used for transplantation.

The following examples serve to illustrate a particular embodiment of the invention
but they should not be considered a limitation thereof. The immunological procedures
outlined are made for the diagnosis of BSE in cattle, however, these procedures can also be

applied for prion diseases in humans or animals such as sheep, hamsters or mice.

Method for protecting an animal or a human by immunization with recombinant PrP
The method for protecting animals or humans from infection with prions consists of an
appropriate formulation of recombinant PrP of the appropriate species with an
immunostimulator such as Freund's adjuvans. To protect against BSE, immunization is done
with bovine PrP, against CJD human PrP is used, against sheep scrapie sheep PrP is used. In

general, the PrP of the species where the the prion originated is used for immunization.

Immunization induces the B-lymphocytes to produce antibodies reacting with PrPSC. Such
antibodies (of which 15B3 is a prototype) will be pfesent in bood and lymphatic tissue and
thereby bind and neutralize prions infecting a human or animal through peripheral pathways
such as through skin lesions for example after accidental puncture with a needle or knife in a
hospital or a slaughterhouse. The amount and type of PrP to be used for immunization will
be determined according to the age and weight of the human or animal as well as the source

of prions.
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Example 1. Immunological diagnosis of prion diseases using tissuc from infected

animals

PrPC and PrPSC can be distinguished according to their different sensitivity to
digestion with protease K. Undigested PrPC and PrPSC have a molecular weight of 33-35
kDa. Upon incubation with proteinase K PrPC is readily digested while PrPSC is partially
resistant, i.e. the N-terminus of PrPS€ is removed leading to a shift in molecular weight

from 33-35 kDa to 27-30 kD (Oesch et al.,, 1985). Proteinase K is therefore used to digest

the tissue specimen to be examined. However, monoclonal antibody 15B3, detecting a

conformational epitope specific for the disease-specific isoform prpSc may even be used

without prior protease digestion.
Example 1.1. Method for the preparation of tissue homogenates

One gram of brain, either from the thalamus, medulla or spinal cord, were
homnogenized with an homogenizer (Omni, USA) in 10 ml 10% sucrose, 20 mM HEPES pH
7.5, 2% sarcosyl and 5 mM EDTA. 10% homogenates were diluted 10 fold; one part of the
homogenate was digested with proteinase K at 0, 10 or 100 pg/ml. The probe containing 0
png/ml served as a control for the specificity of the proteinase K treatment. Probes were then
further diluted (in PBS) for the ELIFA test to give a blotting concentration of 0.05% of
brain homogenate. To increase the partial protease resistance of bovine PrPSC, brain
homogenates from BSE-infected and normal cattle was diluted atter homogenization in 20,
40 or 80% ethanol /HEPES-sucrose buffer. Suspenston of brain homogenates in ethanol
was an important step and effectively stabilized the B-sheet structure of the PrPS¢ isoform

(Oesch et al., 1994), thereby increasing its protease resistance (Riesner et al., 1996).

Example 1.2. Western Blotting

Tissue specimens were homogenized as described in example 1.1.. one part
protease-digested, the other not (as described above), diluted to 10% and separated by SDS
polyacrylamide gel electrophoresis (SDS-PAGE) on 12% gels (Sambrook et al.,, 1989).
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Gels were then electroblotted onto 0.45 um nitrocellulose (NC) membranes, incubated with
the respective monoclonal antibodies followed by a secondary anti-mouse 1gG antibody
coupled to peroxidase. Bound peroxidase activity was detected with a chemiluminescence
kit (ECL, Amersham, USA).

Western blots developed with antibodies 6H4 or 34C9 (Figure 1A.) show the
characteristic smear of bands for PrPC and bovine PrPSC (33 to 27 kD) in undigested
probes while digestion with proteinase K eliminates all of PrPC, however, leaving a 27 kD
band typical of N-terminally truncated PrPSC. The smear is due to different glycosylated
forms of PrP.

The present antibodies were furtheninore able to detect PrP in various tissue extracts
from humans, cattle, pigs, sheep, mice and hamsters (Figures 1B., 2). Given that the
epitopes of our antibodies are highly conserved (Oesch et al., 1991), we expect our

antibodies to stain PrP from other species such as rat or marsupials as well.

Examiple 1.3. ELIFA (Enzyme Linked Immuno Filtration Assay)

The ELIFA procedure to determine guantitatively the amounts of PrPC and PrPSc
in given tissue homogenates has been described for hamster brain homogenates (Oesch et

al., 1994). Blotting directly on nitrocellulose has the advantage over the conventional

ELISA procedure that the poor solubility of bovine PrPSC does not affect its immabilization
on the solid phase. Blotting was performed with an ELIFA apparatus (Pierce), i.c. a
peristaltic pump created a vacuum below the NC thereby sucking the contents of the wells
above onto the NC in a controlled and highly reproducible way. Wells were then washed
with PBS. The membrane was removed from the ELIFA apparatus, placed in a plastic tray
and then incubated on a rocking table sequentially for the indicated times with the following
reagents (inbetween steps, the filters were always washed 3x with PBS): 5% BSA/TBST
(30min); avidin (25 pg/ml, 30min); biotin (2 pg/ml; 30min); monoclonal antibodies 6H4 or
34C9 in TBST (2 h RT or 10 h o/n); secondary, biotinylated anti-mouse IgG (Vectastain,
USA, dilution 1:5000; 1 h RT); streptavidin coupled to peroxidase {Boehringer, Germany,
dilution 1:25000; 15-60 min RT).
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In an alternative procedure, monaoclonal antibodies 6H4 or 34C9 were biotinylated

eliminating the step with the biotinylated secondary antibody. Still another procedure

involved coupling of mABs 6H4 or 34C9 directly to peroxidase according to the
manufacturer (Pierce, USA). Amplification of peroxidase activity was achieved by the
ELAST-kit acqording to the manufacturer (DuPont, USA).

Subsequently, the NC was again placéd in the ELIFA apparatus, a 96-well
microtiterplate was placed underneath the membrane, such that each blotted spot
corresponded to one well in that plate. Then the substrate TMB/peroxide (Kierkegaard &
Perry) was applied into the wells of the ELIFA apparatus and sucked through the membrane
into the wells of the microtiter plate. The reaction was stopped by the addition of 2M
H;PO,. The extinction was measured at 450 nm with a reference at 620 nm in an ELISA
reader.

The standard curve for the ELIFA (see Figure 3a) was obtained by serial dilutions of
ultra-pure and defined amounts of recombinant bovine PrP (see below). For the ELIFA-
procedure, lyophilized recombinant PrP was suspended in an antigen-dilution buffer (1M
guanidinium thiocyanate and 0.01% human serumn albumin in PBS). This buffer allows
maximum binding of recombinant PrP to the nitrocellulose membrane. The standard curve is

essential, since it allows to control both the quality and the reliability of the ELIFA-

procedure. Furthermore, the standard curve allows to exactly quantify bovine PrPC/pepSc

amounts in given tissue specimens (Oesch et al., 1994) (Figure 3b).
Example 1.4. Conventional ELISA (Enzyme Linked lmmuno Sorbent Assay)

The antigen (present in a 10% homogenate as described in example 1.1.) was
incubated for 2 h at RT in 96-well microtiterplates (Nunc, Denmark). Blocking was
achieved with 5% BSA after antigen incubation. After washing, the plate was incubated
with the biotinylated monoclonal antibody or 6H4 for 2 h at RT. Washing with H,O and
PBS was performed before streptavidin-coupled peroxidase (Boehringer, Germany) was
applied and peroxidase activity detected with the substrate according to the manufacturer
(TMB/H;0,; Kierkegaard & Perry). The reaction was stopped by the addition of 2 M
HiPO, . As for the ELIFA procedure, the plate is read by an ELISA reader at 450 nm with

a reference at 620 nm. As an alterative procedure, peroxidase-coupled monoclonal antibody
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6H4 was used instead of biotinylated antibody (see example 1.3)). Amplification of
peroxidase activity was achieved by the ELAST-kit according to the manufacturer (DuPont,

USA). Results of this immunological test are depicted in figure 3c.
Example 1.5. Capture-ELISA (Enzyme Linked Immuno Sorbent Assay)

For the capture-ELISA, advantage can be taken of the multimeric nature of disease-
specific PrPSc, Using the same monoclonal antibody for coating the wells and detection of
native PrP (e.g. 6H4) will detect only PrP that exists in multimeric form or aggregated
states, since monomeric PrP will have blocked its single binding site for the detection mAB
by the coating mAB. Multimeric PrPSC will be detected because apart from the one mAB
binding site that couples the multimeric PrP to the microtiter plate, other binding sites are
still present for the detection antibodies (see Figure 4). This particular procedure of a
capture-ELISA for PrPSC detection can only be performed with the present monoclonal

antibadies binding to native PrPsc, since upon denaturation the multimeric prpSc

complexes dissociate into multiple monomeric, denatured PrP molecules.

For the capture ELISA, monoclonal antibodies according to the invention were
either covalently linked or adsorbed to microtiterplates (Nunc, Denmark). Subsequently, the
wells were blocked with 5% BSA for 30 min at RT and the procedure according to example
1.4. followed.

Examples 2. Experimental details for the production of monoclonal antibodies specific

for the native and denatured prion protein
Example 2.1. Preparation of the immunogen

The following primers were chosen to amplify PrP DNA from bovine genomic
DNA:

1. N-terminal sense primer (SEQ 1D NO: 3):
5’-GGGAATTCCATATGAAGAAGCGACCAAAACCTG-3’ and
2. C-terminal antisense primer (SEQ 1D NO4):
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5'-CGGGATCCTATTAACTTGCCCCTCGTTGGTA-3".

These primers were designed to introduce an Nde 1 restriction site at the 5’ end and
a BamH I restriction site at the 3’ end in the PCR-amplified bovine PrP-DNA. 10 cycles of
I min 94°C, 2min 42°C and 2min 72°C, followed by 4x5 cycles of 1min 94°C, 1min 63°C
and 72°C with ‘augmenting durations of 1,2,3 and 4 min were performed in a Crocodile 111
thermocycler (Appligene, USA).

The PCR product then digested with the restriction enzymes Nde 1 and BamH I
(Boehringer, Germany). The appropriate DNA fragment of 650 bp was purified on a 1%
agarose gel and ligated into the pET11a vector (Novagen) previously digested with Nde 1
and BamH]}. Ligated products were transfected into E. coli strain DH5a. The appropriate
clone containing the PrP open reading frame in the pETIla vector was selected and
subsequently termed pbPrP3 (Figure 5). Sequencing of the PrP sequence in pbPrP3
confirmed that the sequence of the bovine PrP gene in the pET11a vector corresponds to
the previously published sequence (Goldmann et al., 1991; SEQ ID NO: 1). Plasmid pbPrP3
was transfected into E. coli strain BL21(DE3) (Novagen), that is capable of translating the
plasmid into a protein. For production of bovine PrP, cells were stimulated with 1 mM
1PTG according to standard techniques (Sambrook et al., 1989). Recombinant bovine PrP
was purified from inclusion bodies. For example, 1 liter of Luria broth medium (Gibco,
USA) containing 100 ng/ml ampicillin was incubated with an overnight culture (4ml) of
pbPrP3 transfected BL21(DE3) cells. The 11 culture was then grown at 37°C and 250 rpm
to an ODgw of 0.8. IPTG was added to a final concentration of 1 mM and the incubation
was continued at 30°C and 250 rpm for 3h until the ODgy was 1.0. The culture was then
centrifuged at 1000 x g for 5 min at RT. The pellet containing the bacteria was further
processed for isolation of PrP from inclusion bodies as follows: the bacterial pellet from a 1
liter culture was resuspended in 100 ml of 2 mM EDTA, 50 mMTris-HCI pH 7.5 and lysed
by the addition of lysozyme (final concentration 100 mg/mi) and Triton-X-100 (final conc.
1%) for 15 min at 37°C. Then, MgCl, (final conc. 15 mM) and DNAse 1 (final conc. 10
pg/ml) were added. The suspension was shaken at room temperature until the DNA was
digested and the solution was clear (30 min). The solution was then centrifuged at 10.000 x

g for 30 min at 4°C. The supernatant containing all the soluble proteins was discarded and
the pellet, containing the inclusion bodies, was homogenized and resuspended in 1/10th of

the original culture volume containing 8M deionized urea, 10 mM MOPS pH 7.5. This
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suspension was then shaken at room temperature overnight and then centrifuged at 10.000
x g for 30 min at 4°C. The supernatant containing solubilized material from inclusion bodies

was then further processed.

A carboxymethyl (CM) sepharose column (Pharinacia) was equilibrated first with
the elution buffer containing 8M deionized urea, 500 mM NaCl, 10mM MOPS pH 7.5, then
with the washing buffer containing 8M deionized urea, 10mM MOPS pH 7. A CM
sepharose column (50 ml bed volume) was loaded with 100 ml of the solution containing
the solubilized proteins from inclusion bodies. The column was washed twice with 25 ml 50
mM NaCl, 8M urea, 10 mM MOPS and once with 100 mM NaCl, 8M urea, 10 mM MOPS.
Bovine recombinant PrP was eluted with 500 mM NaCl, 8M urea, 10 mM MOPS. SDS-
PAGE and silver staining showed that at this step only one protein of about 24 kDa was
present in the eluent, corresponding to the calculated molecular weight of 23,6 kDa (Figure

6a). This fraction was then further processed.

Proteins eluted from the CM scpharose were subsequently either oxidized with 10
pM Cu,SO; or reduced with 2% B-mercaptoethanol for several hours before they were
loaded on a Cs-reverse phase HPLC column. The HPLC column was perfused with a O-
85% gradient of acetonitrile in 0.1% trifluoroacetic acid (TFA). The oxidized or reduced
bovine recombinant PrP eluted about 40 or 45% acetonitrile, respectively. The eluted
fractions were lyophilized (Sambrook et al, 1989) and redissolved in distilled water.
Electrospray mass spectroscopy revealed single peaks of 23676.8 and 23686.1 Dalton for
oxidized and reduced recombinant bovinePrP, respectively, indicating a correct and uniform

translation of the bovine PrP open reading frame in pLPIP3.
Example 2.2: Immunization of animals and hybridoma production

Oxidized or reduced bovine recombinant PrP or a mixture of both amounting to a

total of 100 ug in a single dose (dissolved in PBS) were used to immunize PrPY/0 mice, i.e.
mice without a functional PrP gene (Bueler et al., 1992) that were kindly provided by Prof.
C. Weissmann, University of Zurich. The reduced form of the recombinant PrP was

particularly interesting since it has been reported to contain more [}-sheet secondary
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structures than the oxidized form in a Syrian hamster recombinant PrP fragment (Mehlhorn

et al., 1996), hence mimicking structural features of PrPSC, however, the reduced
recombinant isoforms have been reported to be neither protease-resistant nor infectious
(Mehlhorn et al., 1996).

Mice received three subcutaneous injections (day O with Freund’s complete
adjuvans, days 21 and 42 with Freund’s incomplete adjuvans) of the antigens in a constant
100pg amount and in a volume of 100ul. On day 49, mice were boosted with the antigen
intraperitoneally and the next day intravenously with adjuvant Pertussi Berna (Berna
Switzerland; extract of Bordetella pertussis bacteria). On day 50, mice were auesthetized
and decapitated. The spleen from immunized mice was removed, and splenocytes were
recovered. Mouse myeloma cells (cell line P3X63Ag8U.1, ATCC CRL 1597, Scharff,
1978) were mixed to the splenocytes at a ratio of 1:5 and fused by the addition of 50% PEG
(polyethylenglycol) for 8 min at RT according to standard techniques (Kennett, 1980). Ceils
were then washed and grown overnight. The next day, cells were suspended in selective
medium (HAT) and plated in 26-well microtiterplates. The selective medium contains
aminopterin that is toxic for those cells that have not been fused to splenocytes and thus

climinates uncontrolied cell growth of irrelevant cells (Kennett, 1980).

EXAMPLE 2.3: Screening hybridomas for specific antibodies

Most important was an efficient screening method for antibody-producing
hybridoma cell lines that would allow to detect monoclonat antibodies against native and
denatured epitopes of both PrP isoforms, as well as conformation-specific epitopes of
bovine P(PSC. The screening for hybridoma cells producing antibodies against PrP was done

by an ELISA, Western blotting and a conformation-sensitive ELIFA.

ELISA using recombinant bovine PrP

96-well microtiter plates were coated with recombinant bovine PrP (0.25 pg/well)
for 4 h at RT and then blocked with 5% BSA/H,0 for 1h at RT. After washing with 11,0 and
PBS, culture medium from wells containing hybridoma colonies was transfered to the
mictrotiter plates (50 pl per well) and incubated overnight at 4°C. After washing with H,0

and PBS, bound antibodies were detected with a peroxidase-labeled anti- mouse IgG
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antibody (Cappell, Switzerland) followed by colorimetric detection with TMB/H;0,
(Kierkegaard & Perry, USA) as described in example 1.4.

Qualitative, conformation-sensitive ELIFA

1% brain homogenates of normal and BSE-infected cattle were either left
undigested or protease-digested for the BSE brain homogenate and blotted onto a
nitrocellulose membrane as described by for the ELIFA procedure (see above) (Oesch et al,,
1994). After blotting, the membrane was blocked with 5% low-fat milk in TBST, and
incubated with the antibody-containing culture medium. Subsequently, the NC was
incubated with a secondary, peroxidase-coupled anti-mouse IgG antibody and developed

with a chemiluminescence kit (ECL, Amersham). This technique allowed for detection of
hybridoma cell lines that produce antibodies against native PrPC and bovine PrPSC or of

conformation-sensitive antibodies that distinguish between PrPC and bovine PrPSC(as

described for mAB 15B3 in figure 6b).

Western Blotting

Hybridoma cell lines were further selected on the capability of the produced
antibodies to recognize PrP of brain homogenates and recombinant bovine PrP on Western
blots. Brain homogenates of various tissues and various species were blotted as described in
example 1.2..

It was shown that the prefered monoclonal antibody 6H4 recognizes PrP in the brain
homogenates of cattle, mice, hamsters, pig, sheep and humans (Figure 2).

The prefered mAB 34C9 recognizes PrP in the brain homogenates of cattle, mice,
pig, and humans (Figure 2). .

It was further shown that both prefered monoclonal antibodies 6H4 and 34C9
recognize PrP in various tissues such as medulla, spinal cord, thalamus, cortex and white

blood cells (Figures 1a, b).

Mapping of epitopes
A peptide library consisting of 104 peptides numbered 1 to 104 purchased from
Jerini Biotools (Berlin, Germany) was used to map the epitopes that are recognized by the

antibodies. The peptides are covalently linked to a cellulose membrane have each a lenght of
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13 amino acids and together cover the entire length of the recombinant bovine prion protein
(total of 104); starting with Lys Lys Arg Pro Lys Pro Gly Gly Gly Trp Asn Thr Gly.(one
letter code: KKRPKPGGGWNTG) and ending with Gin Arg Glu Ser Gin Ala Tyr Tyr Gin
Arg Gly Ala Ser(one letter code:QRESQAYYQRGAS). Each peptide overlaps by 11
amino acids wigh the next peptide. Binding of antibodies to those peptides can be visualized
by the ECL system as described for Western blotting in example 1.2..

The monoclonai antibodies of the present invention bound to peptides comprised in
the region of helix | in the three-dimensional model of the mouse recombinant C-terminal

prion protein fragment described by Riek et al. (1996). It is hercby assumed that this mouse

recombinant C-terminal prion protein fragment reflects structures of native PrPC, has the
same structure as full length PrP and that the structure will be similar in different species.
Based on these assumnptions the following statements are: mAB 6H4 binds to the three
library peptides Nos. 64 to 66, comprising amino acids 155-163 of the bovine PrP sequence
(Asp Tyr Glu Asp Arg Tyr Tyr Arg Glu; Goldmann et al., 1991) (Figure 7b). This sequence
corresponds exactly to the full-length helix, a structure that is highly conserved between
species (Oesch et al., 1991).

mAB 34C9 binds to the 5 library peptides Nos. 59 to 63 comprising amino acids 149-153 of
the bovine PrP sequence (Leu lle His Phe Gly; Goldmann et al., 1991) (Figure 7a) which
corresponds to a sequence just N-terminal of helix 1 (Riek et al., 1996).

As predicted by this epitope mapping, the monoclonal antibodies differentially bind
PrP from different species (Figure 2).

Characterization of PrPS¢ conformation-specific monoclonal antibody 15B3
mAB 15B3 recognizes 3 distinct arrays of peptides: Nos. 62 to 65 of the peptide

library comprising amino acids 153 to 159 (Gly Ser Asp Tyr Glu Asp Asg), Nos. 73 to 75
comprising amino acids 173 to 181 (Tyr Tyr Arg Pro Val Asp Gln Tyr Ser) and No. 102
comprising amino acids 225 to 237 (Cys lle Thr GIn Tyr Gln Arg Glu Ser Gin Ala Tyr Tyr)
of bovine PrP according to Goldmann et al. (1991).

Monoclonal antibody 15B3 recognizes native bovine PrPSc better than native
bovine PrPC (Figure 6b). In this experiment, 10% bovine brain homogenates of normal
undigested and BSE-diseased protease-digested cattle were made as described in example

1.1.. Subsequently, the samples were diluted to a 0.5% homogenate with PBS and
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incubated at 37°C for 1h. The samples were then blotted onto a nitrocellulose membrane
with the qualitative, conformation-sensitive ELIFA protocol as described in example 3
above. In Figure 6b, it can be seen that 15B3 binds to BSE but not to normal brain
homogenate. By Western blotting, PrP from bovine brain homogenates cannot be detected
(Figure 6a). Apparently mAB 15B3 cannot detect PrP> on Western blotting even if it is
assumed that proteins denature in sample buffer contzining SDS before they are loaded on
the gel (Example 1.2.; Sambrook et al. 1989).

These findings point to the fact that mAB 15B3 binds to a conformation-sensitive
epitope. As can be seen in the binding expertments with the peptide library, mAB 15B3
binds to several distant peptides as would be expected for a conformation-sensitive mAB.

The specificity of the antibody 15B3 was further confirmed by immunoprecipitation
(Figure 8). While 6H4 precipitated PrP from normal as well as PrPSC—containing

homogenates,.15B3 precipitated only PrPSC from infected cattle, mice or humans (Figure
1A, C, D, respectively). The precipitated PrP was shown to be protecase resistant (Figure
1B, C,D). For immunoprecipitation, 200 ul 1 % brain homogenates were incubated for 2 h
at room temperature with 200 pl 0,25 pg/ml antibody-containing sefum-free medium; after
inclubation with additional 50 pl protein A- or protein G-coupled agarose (for 15B3 and
6H4, respectively, Boebringer Mannheim) for 2 h at room temperature, agarose beads were
centrifilged and the pellet washed according to the manufacturer. Pelleted proteins were

analyzed on Western blots.
Example 3: Reduction of infectivity of prions by menoclonal antibodies

Brain homogenates from BSE-infected cattle are obtained as described in example

1.1. The exact amount of present bovine PrPSC are measured with the help of the ELIFA
technique or the ELISA technique as descibed in examples 1.3 to 1.5, respectively. Serial
dilutions of this infected brain homogenate are aliquoted. To these serial dilutions are added
the preferred mABs 6H4 or 34C9 or 15B3, or a mixture thereof, in molar amounts
exceeding the molar amounts of measured PrPSC. The mix is incubated for 4h at RT and
then 100 pl are injected intracerebrally into the animal. Transgenic mice overexpressing
mouse PrP (tg35; Fischer et al., 1996) are used as an animal model for measuring the

infectivity of bovine PrPS¢.
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List of buffers and solutions

HT-medium 450 ml Iscove’s modified Dulbecco’s medium (GIBCO)
30 ml sterile human seruin
5 ml glutamine (200 mM)
5 ml hypoxanthine (10 mM)/thymidine (1.5 mM)
5 ml penicillin (10000 1U/ml)/streptomycin (10000pg/ml)
250 y sterile 3-inercaptoethanol
HAT-medium  HT-medium -+ 2mM aminopterin
TBS 20 mM Tris pH 7.5
150 mM NaCl
0.05% Tween 20
TBST 20 mM Tris pH 7,5
150 mM NaCl
0.05% Tween 20

Deposit of Micreorganisms
The hybridoma cell lines were deposited under the Budapest Treaty at the Deutsche
Sammlung von Mikcoorganismen und Zeltkulturen GmbH, Mascheroder Weg 1b, D-

381324 Braunschweig, as follows:
1. Hybridoma cell line producing mAB 34C9: DSM ACC2295, deposited February 06,

1997

2. Hybridoma cell line producing mAB 6H4: DSM ACC2296, deposited Febsuary 06,
1997

3. Hybridoma cell line producing mAB 15B3: DSM ACC2298, deposited February 13,
1997
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SEQUENCE LISTING

(1) GENERAL INFORMATION:

(1)

(ii)
(ii1)

(iv)

(vi)

APPLICANT:

(A) NAME: Kanton 2uerich vertreten durch die
Erziehungsdirektion

(B) STREET: Walchetor

(C) CITY: Zuerich

(D) STATE: Zuerich

(E) COUNTRY: Switzerland

(F) POSTAL CODE (ZIP): CH-8090

(G) TELEPHONE: +41-1-259 2388

TITLE OF INVENTION: Immunological Detection of Prions
NUMBER OF SEQUENCES: 9

COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.30 (EPO)

PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: EP 97102837.8
(B) FILING DATE: 21-FEB-1997

(2) INFORMATION FOR SEQ ID NO: 1:

i)

(ii)
(iii)
(iv)

(vi)

(vii)

(xi)

SEQUENCE CHARACTERISTICS:
(A) LENGTH: 660 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

MOLECULE TYPE: DNA (genomic)
HYPOTHETICAL: NO
ANTI-SENSE: NO
ORIGINAL SOURCE:
(A) ORGANISM: Bos taurus
(D) DEVELOPMENTAL STAGE: Adult

IMMEDIATE SOURCE:
(B) CLONE: pbPrP3

SEQUENCE DESCRIPTION: SEQ ID NO: 1:

ATGAAGAAGC GACCAAAACC TGGAGGAGGA TGGAACACTG GGGGGAGCCG ATACCCAGGA

CAGGGCAGTC CTGGAGGCAA CCGTTATCCA CCTCAGGGAG GGGGTGGCTG GGGTCAGCCC
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CATGGAGGTG GCTGGGGCCA GCCTCATGGA GGTGGCTGGG GCCAGCCTCA TGGAGGTGGC 180
TGGGGTCAGC CCCATGGTGG TGGCTGGGGA CAGCCACATG GTGGTGGAGG CTGGGGTCAA 240
GGTGGTACCC ACGGTCAATGC GAACAAACCC AGTAAGCCAA AAACCAACAT GAAGCATGTG 300
GCAGGAGCTG CTGCAGCTGG AGCAGTGGTA GGGGGCCTTG GTGGCTACAT GCTGGGAAGT 360
GCCATGAGCA GGCCTCTTAT ACATTTTGGC AGTGACTATG AGGACCGTTA CTATCGTGAA 420
AACATGCACC GTTACCCCAA CCAAGTGTAC TACAGGCCAG TGGATCAGTA TAGTAACCAG 480
AACAACTTTG TGCATGACTG TGTCAACATC ACAGTCAAGG AACACACAGT CACCACCACC 540
ACCAAGGGGG AGAACTTCAC CGAAACTGAC ATCAAGATGA TGGAGCGAGT GGTGGAGCAA 600
ATGTGCATTA CCCAGTACCA GAGAGAATCC CAGGCTTATT ACCAACGAGG GGCAAGTTAA 660
(2) INFORMATION FOR SEQ ID NO: 2:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 219 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
(iii) HYPOTHETICAL: YES
(iv) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Bos taurus
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:
Met Lys Lys Arg Pro Lys Pro Gly Gly Gly Trp Asn Thr Gly Gly Ser
1 5 10 15
Arg Tyr Pro Gly Gln Gly Ser Pro Gly Gly Asn Arg Tyr Pro Pro Gln
20 25 30
Gly Gly Gly Gly Trp Gly Gln Pro His Gly Gly Gly Trp Gly Gln Pro
35 40 45
His Gly Gly Gly Trp Gly Gln Pro His Gly Gly Gly Trp Gly Gln Pro
50 55 60
His Gly Gly Gly Trp Gly Gln Pro His Gly Gly Gly Gly Trp Gly Gln
65 70 75 80
Gly Gly Thr His Gly Gln Trp Asn Lys Pro Ser Lys Pro Lys Thr Asn
85 90 95
Met Lys His Val Ala Gly Ala Ala Ala Ala Gly Ala Val Val Gly Gly
100 105 110
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Leu Gly Gly Tyr Met Leu Gly Ser
115 120

Phe Gly Ser Asp Tyr Glu Asp Arg
130 135

Tyr Pro Asn Gln Val Tyr Tyr Arg
145 . 150

Asn Asn Phe Val His Asp Cys Val
165

Val Thr Thr Thr Thr Lys Gly Glu
180

Met Met Glu Arg Val Val Glu Gln
195 200

Glu Ser Gin Ala Tyr Tyr Gln Arg
210 215

(2) INFORMATION FOR SEQ ID NO: 3:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

Ala

Tyr

Pro

Asn

Asn

185

Met

Gly

Met

Tyr

Val

I1le

170

Phe

Cys

Ala

(ii) MOLECULE TYPE: other nucleic acid

(A) DESCRIPTION:
(iii) HYPOTHETICAL: NO

(iv) ANTI-SENSE: NO

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 3:

GGGAATTCCA TATGAAGAAG CGACCAAAAC CTG
(2) INFORMATION FOR SEQ ID NO: 4:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
"oligonucleotide”

(A) DESCRIPTION: [desc =
(iii) HYPOTHETICAL: NO
(iv) ANTI-SENSE: NO
1

Ser

Arg

Asp

155

Thr

Thr

Ile

Ser

Arg

Glu

140

Gln

Val

Glu

Thr

Pro

125

Asn

Tyr

Lys

Thr

Gln
205

/desc = "oligonucleotide”

PCT/EP98/00917

Leu

Met

Ser

Glu

Asp

190

Tyr

Ile

His

Asn

His

175

Ile

Gln

His

Arg

Gin

160

Thr

Lys

Arg

33
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{(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:
CGGGATCCTA TTAACTTGCC QCTCGTTGGT A
(2) INFORMATION FOR SEQ ID NO: 5:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 5 amino acids
10 (B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

15
(iii) HYPOTHETICAL: YES
(iv) ANTI-SENSE: NO
20
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:
25 Leu Ile His Phe Gly
1 5
(2) INFORMATION FOR SEQ ID NO: 6:
30 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
35
(ii) MOLECULE TYPE: peptide
(1ii) BYPOTHETICAL: YES
40 (iv) ANTI-SENSE: NO
45 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6:

Asp Tyr Glu Asp Arg Tyr Tyr Arg Glu
1 5

50 (2) INFORMATION FOR SEQ ID NO: 7:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 7 amino acids
(B) TYPE: amino acid
55 (C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

42
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(iii) HYPOTHETICAL: YES

(iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7:

Gly Ser Asp Tyr Glu Asp Arg
1 S

(2) INFORMATION FOR SEQ ID NO: 8:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 9 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(iii) HYPOTHETICAL: YES

(iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8:

Tyr Tyr Arg Pro Val Asp Glo Tyr Ser
1 5

(2) INFORMATION FOR SEQ ID NO: 9:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 13 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: peptide

(iii) HYPOTHETICAL: YES

(iv) ANTI-SENSE: NO

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:

Cys 1le Thr Gln Tyr Gln Arg Glu Ser Gln Ala Tyr Tyr
1 S 10
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICRCORGANICMS
FOR THE PURPOSES OF PATENT PROCEOYRE

INTERNATIONAL FORM

Dr. Carsten Korth

Dr. Bruno Oesch

Institut fir Hirnforschung
Universitdt Zirich
August-Forelstr. 1

CH-8029 Zzirich

VIABILITY STATEMENT
issued pursusnt to Rule 102 by the

INTERNATIONAL DEPOSITARY AUTHORITY
identificd at the bottom of this page

1. DEPOSITOR

11. IDENTIFICATION OF THE MICROORGANISM

Name: Dx. Carsten Korth

Dx. Bruno Oesch

Address: Institut fdr Hirnforschung
Universitét Zuirich
August-Forelstr. 1

CH-8029 Zirich

Accession number given by the
INTERNATIONAL DEPOSITARY AUTHORITY:
DSM ACC229S

Date of the deposit or the transfer':
1997-02-06

TII. VIABILITY STATEMENT

On that date, the said microorganism was

(XP visble

{ )} no longer vishle

The visbility of the microorganism identificd under 1l above was tested on 1997-02-07 *.

IV. CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED*

V. INTERNATIONAL DEPOSITARY AUTHORITY

Namc: DSMZ-DEUTSCHE SAMMLUNG VON
MIKROORGANISMEN UND ZELLKULTUREN GmbH

Address:  Mascherodes Weg 1b
D-38124 Braunschweig

Signature(s) of person(s) having the powes 1o represent the
Intemational Depositary Authority or of authorized official(s):

. e,

Dae: 1997-02-19

Indicate the date of originel deposit or, where a new deposit or & transfer has been made, the most recent relevan: daie (date of the new deposit or

date of the transfer).
2 In the cases referred to in Rule 10.2(s) (ii) and (iii), refer to the most recent viability test.
4 Mark with a cross the applicable box. -
¢ Fill in if the inlt ion has been req d and if the resulls of the test were negative.

Form DSMZ-BP/ (sole page) 0196

24




WO 98/37210 PCT/EP98/00917

BUDAPEST TREATY ON THE INTERMATIONAL
RECOGNITION OF THE DEPOSIT OF MICRCORGANIIMS.
FOR THE PURPOSES OF PATENT PP.OCEDURFE

INTERNATIONAL FORM

Dr. Carsten Korth

Dxr. Bruno Oesch

Institut f£idr Hirnforschung
Universitat 2drich

August-Forelstr. 1 RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT
CH-8029 Zdrich issued pursuant to Rule 7.1 by the

INTERNATIONAL DEPOSITARY AUTHORITY
identificd at the bottom of this page

1. IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the DEPOSITOR: Atcession number given by the
cHa INTERNATIONAL DEPOSITARY AUTHORITY:

DSM ACC2295

II. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identified under . above was accompanicd by:

( ) ascientific description
( ) » proposed txxonomic designation

(Mark with a cross where spplicable).

1II. RECEIPT AND ACCEPTANCE

This } jonal Depositary Authority accepts the microorganism identified undes 1. above, which was received by won 1997-02-06
{Dase of the original deposit)’.

1V. RECEIPT OF REQUEST FOR CONVERSION

The microorganism identificd under I above was received by this 1 jonal Depositary Authority on  (date of original deposit)
and a req [ the origina} deposit 1 & deposit under the Budapest Treaty was received by it on  (date of reccipt of request
for conversion).

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name: DSMZ-DEUTSCHE SAMMLUNG VON Signamre(s) of persan(s) having the power to represent the
MIXROORGANISMEN UND ZELLKULTUREN GmbH ! ional Depositary Authority or of suthorized officiai(s):

Addrpss: \ der Weg 1b

D-38124 Braunschweig U, e &n

Dae: 1997-02-19

' Where Rule 6.4 (d) applies, such datz is the date on which the stams of internstional depositry suthority was acquired.

Farm DSMZ-BP/4 (solc paxe) 0196 a8
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPCSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURZ

INTERNATIONAL FORM

Dr. Carsten Korth

Dr. Bruno Oesch

Institut fdr Hirnforschung
Universitdt 24rich
August-Forelstr. 1

CH-8029% Zirich

VIABILITY STATEMENT

issued pursuant to Rule 102 by the
INTERNATIONAL DEPOSITARY AUTHORITY
identified st the bottom of this page

1. DEPOSITOR

1. IDENTIFICATION OF THE MICROORGANISM

Name: Dy. Carsten Korth
Dr. Bruno Oesch
Addresss Institut £ir Hirnforschung
Universitdt Zdrich
August -Forelstx. 1
CH-8029 Zirich

Accession number given by the
INTERNATIONAL DEPOSITARY AUTHORITY:
DSM ACC2296

Date of the deposit or the tansfer’:
1997-02-06

fIL VIABIUITY STATEMENT

On that date, the said microorganism was

Xy visble

( ) nolonger visble

ﬁxeviabnnyomumiummnim identificd under 11 above was testedon 1997~-02-07 2.

IV. CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED

V. INTERNATIONAL DEPOSITARY. AUTHORITY

Name: DSMZ-DEUTSCHE SAMMLUNG VON
MIKROORGANISMEN UND ZELLKULTUREN GmbH

Address:  Mascheroder Weg 1b
D-38124 Braunschweig

Signamre(s) of person(s) having the power to represent the
international Depositary Authority or of suthorized official(s):

S e,

Dae: 1997-02-19

date of the transfer).

Mark with & cross the applicable box.

Form DSMZ-BP/ (solc page) 0196 6
4

Indicate the date of original depasit or, where a new deposit or a transfer has been made, the most recent relevant dste (date of the new depasit or
In the cases referved to in Rute 102(a) (ii) and (iii), refer to the mos: recent visbility test.

Fill in if the information has been requested and if the results of the et were negative.
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BUDAPEST TREATY ON THE INTERNA [TONAL.
RECOGNITION OF THE DEPOSIT OF MCPODORGAMISM®,
FOR THE PURPOSES OF PATENT sROCEDURE-

INTERNATIONAL FORM

Dx. Carsten Korth

Dr. Bruno Oesch

Institut fir Hirnforschung
Universitdt 2drich
August-Forelstr. 1

RECEIPT IN THE CASE OF AN ORIGINAL DEPOSTT
CH-8025 24rich

issued pursuant to Rule 7.1 by the

INTERNATIONAL DEPOSITARY AUTHORITY
identified at the bottom of this page

L IDENTIFICATION OF THE MICROORGANISM

dentification reference given by the DEPOSITOR: Accession number given by the
INTERNATIONAL DEPOSITARY AUTHORITY:
34C9

DSM ACC2296

Il. SCIENTIFIC DESCRIPTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism iderificd under L. above was accompanied by:

( ) ascientific description
( ) »proposed xonomic designation

(Mark with a cross where applicable).

WL RECEIPT AND ACCEPTANCE

This Intemasional Depesitary Authority pts the microorganism identificd under L ahove, which was received by iten 1997-02-06
(Date of the criginal deposh)’.

IV. RECEIPT OF REQUEST FOR CONVERSION

The microorganism identified under [ above was yved by this vonal Depositary Authority on  (date of original deposit)
snd & request to convert the original deposk to & depotit under the Budapest Treaty was reccived by iton  (date of reccipt of request
for conversion).

V: INTERNATIONAL DEPOSITARY AUTHORITY

Name: DSMZ-DEUTSCHE SAMMLUNG VON Signature(s) of person(s) having the power tn represent the
MIKROORGANISMEN UND ZELLKULTUREN OmbH Intemational Depositary Authority or of asthorized official(s):

Add . A

der Weg 1b

D-33124 Brausehweig : (/. (/f/& ’é/_;

Dae: 1897-02-19

t Where Rule 6.4 {d) appiics, such dae is the daw on which the stans of inlernatonsl deposasy suthority was acquired.
Form DSMZ-BP/4 (solc page) 0196 ‘a7
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BUDAPEST TREATY ON THE INTERNAWTONAL
RECOGNITION OF THE DEPOSIT OF MCCPOORGANISME
FOR THE PURPOSES OF PATENT YROCEDURE.

INTERNATIONAL FORM

Universitdt Zirich

Institut far Hirnforschung

August-~Forelstrasse 1

CH-8029 24rich
VIABILITY STATEMENT
suecd pursuant 15 Relo 102 by the
INTERNATIONAL DEPOSITARY AUTHORITY
idendified =t the bottom of this page

1. DEPOSITOR 1L IDENTIFICATION OF THE MICROORGANISM
Name: Universitéat zdrich Accession number given by the
Institut far Hirnforschung INTERNATIONAL DEPOSITARY AUTHORITY:
Address: August-Forelstrasse 1 DSM ACC2298
CH-8029 Zirich
Datz of the deposit or the transfer':
1997-02-13

Il VIABILITY STATEMENT

The viability of the microorganixm identificd under Il above was esedon 1997-02-14 *.

Xy viabic

¢ ) no longer vishie

IV. CONDITIONS UNDER WHICH THE VIABILITY TEST HAS BEEN PERFORMED'

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name: DSMZ-DEUTSCHE SAMMLUNG VON Signature(s) of person(s) having the power 10 represent the
MIKROORGANISMEN UND ZELLKULTUREN GmbH Latemnational Depositary Authority or of anthorized official(s):

Address:  Mascheroder Weg 1b
D-38124 Braunschweig M &/&'4 Po)

Dae: 1997-02-27

lndicm:t-edaxcofuighmldcpositor.whaenmdepcshwlcm{uhsbecnmadc,dwmne:atn!wuudm(mdmemdeponm
date of the transfes).

In the cases referred to in Rule 10.2(a) (if) and (iii), refer to the most recent viability test.
Mark with a cross the applicable box.
Fill in if the information has been requested and if the results of the test were negative.

Form DSMZ-BP/A (sole page) 0196

a8
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BUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGAKISMS
FOR THE PURPOSES OF PATENT PROCEDURE'

INTERNATIONAL FORM

Universitat 2Zdrich
Institut £dr Hirnforschung
August -Forelstragse 1
CH-8029 Zurich

RECEIPT IN THE CASE OF AN ORIGINAL DEPOSIT
tssued pursuant to Rule 7.1 by the

INTERNATIONAL DEPOSITARY AUTHORITY
identificd st the bottom of this page

L. IDENTIFICATION OF THE MICROORGANISM

Identification reference given by the DEPOSITOR:
15B3

Accession number given by the
INTERNATIONAL DEPOSITARY AUTHORITY:

DSM ACC2298

Ul. SCIENTIFIC DESCRIFTION AND/OR PROPOSED TAXONOMIC DESIGNATION

The microorganism identificd under L. above was accompanied by:

( ) ascicntific description

'y { o B

( ) aproposed destgnation

(Mark with a cross where spplicable).

L. RECEIPT AND ACCEPTANCE

This Internationa) Depositary Authari the mi ism identificd under 1. above, which was ceceived by iton 1997-02-13

(Dmafﬂncngnnldepou.)

IV. RECEIPT OF REQUEST FOR CONVERSION

The microorganism identificd under t above was

d by this |
and 3 request 10 conven the original d it to a d

1 D itary Anthority

it under the Budnap
for conversion).

on  (datx of original deposii)

Trzsymmehedbyhon (date of receipt of request

V. INTERNATIONAL DEPOSITARY AUTHORITY

Name: - DSMZ-DEUTSCHE SAMMLUNG VON
MIKROORGANISMEN UND ZELLKULTUREN GmbH
Address: Mascheroder Weg 1b

D-38124 Braunschweig

Signature(s) of person(s) having the power to represent the
Jazernational Depositary Authosity or of suthorized official(s):

. el

Due: 1997-02-27

' Where Rule 6.4 (d) spplics, such date is the date on which the stams of L

Form DSMZ-BP/4 (sole nage) 0196

49
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CLAIMS:
1. A monoclonal antibody or a fragment thereof capable of specifically binding to

native and denatured normal (PrPC) and disease-specific prion protein (PrPSC) in an
antigen-antibody complex.

2. A monoclonal antibody according to claim 1 which is only capable of binding to
native disease-specific prion protein and not to native normal prion protein.

3. A monoclonal antibody according to claim I wherein the prion protein is soluble.

4. A monoclonal antibody according to claim 1 wherein the prion protein is
insoluble.

5. A monoclonal antibody according to claim 1 wherein the prion protein is a
recombinant prion protein.

6. A monoclonal antibody according to claim | wherein the prion protein is reduced.

7. A monoclonal antibody according to claim 1 wherein the prion protein is
oxidized.

8. A monoclonal antibody according to claim 1 which is named 6H4.

9. A monoclonal antibody according to claim 1 which is named 34C9.

10. A monoclonal antibody according to claim 1 and 2 which is named 15B3.

11. A monoclonal antibody according to claim 1 which comprises an epitope binding
fragment of anyone of the monoclonal antibodies 6H4 or 34C9 or 15B3.

12. A monoclonal according to claim 1 or 2 coupled to other molecules especially
fragments of other antibodies, enzymes or organic chemical compounds.

13. An antibody raised against the binding region (idiotype) of the antibodies
according to claim 1 or 2.

14. A hybridoma cell line capable of producing a monoclonal antibody according to
anyone of claims 1-13.

15. A hybridoma cell line according to claim 14 deposited under DSM.ACC2295
cabable of producing the monoclonal antibody 6H4.

16. A hybridoma cell line according to claim 14 deposited under DSM ACC2296
cabable of producing the monoclonal antibody 34C9.

17. A hybridoma cell line according to claim 14 deposited under DSM ACC2298
cabable of producing the monoclonal antibody 15B3.
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18. A recombinant protein derived from cloning protein-coding sequences from cell
lines according to claims 15, 16, 17,

19. A recombinant protein according to claim 18 where the protein is expressed in a
phage display system or any other system and affinity maturated.

20. A recombinant expression vector for the expression of the bovine prion protein,

21. A recombinant expression vector according to claim 20 which is named pbPrP3.

22. The purified recombinant bovine prion protein in reduced or oxidized form or in
form of a mixture thereof.

23. A recombinant protein according to claim 22, where the purified recombinant
prion protein is from any species.

24. A method for the production of an antibody according to claim I, comprising
culturing a hybridoma cell line according to claiinm 14 and isolating the monoclonal antibody
from the supernatant.

25. A method for the production of a hybridoma cell line according to claim 14,

comprising administering to PrPO/0 mice {knockout mice without a functional PrP gene) an
immunizing amount of a prion protein according to claim 22 or 23, removing the spleen
from the immunized mice, recovering splenocytes therefrom, fusing the latter with a
myeloma cell line, growing the fused cells in a selection medium, screening the antibodies in
the supernatants of hybridoma cells for binding to native disease-specific and recombinant
Pr P and isolating the hybridoma ceils producing monoclonal antibodies according to claim
l.

26. A method for the production of antibodies according to claims 1 or 2 comprising
administering an immunizing amount of a prion protein according to claim 22 or 23 to
PrP0/0 mice. '

27. A method for the production of a hybridoma cell line according to claim 26
where the immunized species is a wild-type mouse, a transgenic mouse or any other wild-
type or transgenic species.

28. A method for the production of an expression vector according to claim 20,

comprising inserting a DNA coding for the bovine PrP in the correct reading frame into an

expression vector.
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29. A method for the production of a purified bovine PrP protein comprising
culturing a microorganism or eukaryotic cell line with an expression vector according to
claim 20 in an apropriate culture medium and isolating and purifying the protein.

30.. A test kit for the diagnosis of prion diseases comprising one or more
monoclonal antibodies according to claim 1, purified recombinant bovine PrP protein
according to claim 23, nitrocellulose sheets, microtiter plates coated or covalently linked
with monoclonal antibodies according to claim I, an antibody that is coupled with an
enzyme and its substrate for a detection reaction, proteinase K, blocking buffer,
homogenisation buffer and a detailed description of how to perform the test.

31. A test kit according to claim 30 comprising a nitrocellulose membrane in the
dipstick format coated with an antibody according to claim 1 or 2, a dilution buffer, a
solution containing an antibody according to claim 1 or 2, coupled to colioids evoking a
colouring reaction when present in an antigen-antibody complex, and a detailed description
of how to perform the test

32. An immunological detection procedure for the detection of disease-specific PrP
in bioclogical material of an animal or humao comprising treatment of a probe of said
material with proteinase K and then with the monoclonal antibody according to claim 1 or
2, detecting the prion protein-antibody complex and analysing the results.

33. An immunological detection procedure according to claim 32 comprising
treatment of a probe of said material with the monocional antibody according to claim 2
without prior treatment with proteinase K, detecting the prion protein-antibody complex
and analysing the results.

34. A method according to claims 30 to 32 where instead of using a monoclonal
antibody recombinant prion protein according to claims 22 and 23.

35. A pharmaceutical preparation for the therapy and prevention of prion diseases
comprising a monoclonal antibody or fragments thereof according to claim 1 or 2 and a
pharmaceutical carrier.

36. A method for the therapy or prevention of prion diseases comprising
administering to a patient suffering from such disease or being Jikely to becomming a victim
of this disease a therapeutical or preventive amount of a monoclonal antibody according to
claim 1 or 2.

37. A method for clearing biological material from prions comprising treating said

material with a monoclonal antibody according to claim 1 or 2.
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38. A method for the therapy or prevention of prion diseases, or the vaccination
against prion diseases comprising administering to a patient or an animal suffering from
such a diseases or being likely to becoming a victim of this disease a therapeutical or
preventive amount of recombinant PrP or fragments thereof according to claim 22 or 23.

39. Use of a monoclonal antibody according to claims 1 or 2 or recombinant PrP or
fragments thereof according to claim 22 or 23 for the production of a medicine or a vaccine

for the therapy or prevention of prion diseases, or the vaccination against prion diseases.
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Figure 3

Standard-curve of ELIFA
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Figure 4

Capture-ELISA and multimeric Prpse
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Figure 5
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Figure 6
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Figure 7
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